Phantom limb pain (PLP) represents a major debilitating condition for amputees. No effective therapy has been reported. Non-painful surface electrical stimulation may induce temporary significant alleviation of PLP. Preliminary results of a study attempting to design a methodology for delivery and evaluation of possible quantifiable effects at the cortical level of steady-state surface stimulation are presented for two healthy subjects. Somatosensory evoked potentials (SEP) were evaluated before and after delivery of a steady-state stimulus applied at wrist along the median nerve. Characterization of evoked sensation induced in hand by the steady-state stimuli was performed. The sensory input artificially generated by the steady-state stimuli influenced cortical activation reflected in changes in N1 and P2 components of SEP. N1 suppression and changes in P2 amplitude after steady state stimulation between 1 to 7 minutes were observed. Analysis of changes in SEP components in a larger population may contribute to defining markers of temporary cortical plastic changes driven by steady-state stimuli possibly assessing the efficacy of these stimuli when attempting to reverse cortical plastic changes following amputation and relief of PLP upon specific delivery through surface electrical stimulation in the periphery.
I. INTRODUCTION
Phantom limb pain (PLP) is a consequence of amputation that deprives the nervous system of sensory input. Amputees still perceive painful and non-painful sensations from the amputated limb. Peripheral and central mechanisms within the nervous system have been outlined as possible contributors to PLP. Structural and functional reorganization of the primary sensorimotor cortex (SM1) contralateral to the amputation limb has been reported [1] - [3] . Within the EPIONE project (FP7-HEALTH-2013-INNOVATION-1 Project No 602547: EPIONE) at Aalborg University, nonpainful sensations were evoked in the phantom limb (PL) by steady-state surface electrical stimulation of referred sensation areas (RSAs). Stimulation of RSAs induced a significant temporary change in the perception of PL that was associated with a reduction of PLP up to 40 %. Besides the role of stimulation profile, the electrode location for stimulation should be taken into account in possible PLP treatment [4] . Evaluating the effects of steady-state stimulation at the cortical level may improve the design of possible therapy for PLP alleviation.
Steady-state stimulation may provide a form for sensory input affecting the nervous system both at periphery and at central levels. These effects have been seen on increasing excitability of motor map, and play an important role in altering pyramidal tract activity [5] , [6] . Due to the correlation between the evoked cortical activation by electrical stimulation (ES) and the improvement of motor functions, it has been used as a rehabilitation method for the patient with central nerves system lesion. Also, it has been reported that ES with specific stimulation parameters can affect cortical plasticity in patients with stroke contributing to rehabilitation [7] , [8] .
Sensory evoked potentials (SEP) reflect the electrical activity of the brain following various external stimuli (e.g. electrical, visual, auditory or tactile). Over the last decades, several studies have used biomarkers and subcomponents extracted from SEPs as a non-invasive method to investigate the functionality of the neural pathways and other applications such as brain-computer interface.
Different SEP subcomponents are defined based on the type of sensory stimulation applied and the origin, polarity, and latencies of peaks in the cortical response. For instance, P3 for visual stimuli, N1 for auditory [9] , [10] , N18, N20 in tactile information processing, and P1, N1, N2 components for electrical stimulation [11] have shown to contain information that can be extracted and analyzed. The representative parts of these SEPs are formed by a biphasic negative and positive wave N1 and P2. N1 is the initial cortical component used in clinical application to predict the neurological consequence in at-risk infants [12] . Saby et al. reported that besides N1, analyzing late responses such as P1, N2, and P2 may significantly develop our knowledge of somatosensory processing [13] .
Preliminary results of a pilot study on the influence of steady-state electrical stimulation on electrical activity of the brain, in healthy subjects are presented in this paper. Three SEP sessions evaluating the cortical activity before and after delivery of selected steady-state electrical stimulation were conducted, attempting to provide possible markers for EEG activity that may serve as a reference for possible changes occurring in amputees, when delivering steady-state sensory input.
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II. METHODS

A. Subjects
Two able-bodied subjects (one male and one female, age 30 and 32 years) participated in the experiment. Both subjects were right-handed and provided their written informed consent. Subjects had no known history of neurological disorders and had no experience with electrical stimulation. The study was approved by the North Denmark Region Committee on Health Research Ethics (N-20180049).
B. Experimental paradigm
A session of approximately 100 minutes consisted of three different steps: control, intervention, and evaluation ( Figure 1 ). The baseline SEP recording (Pre-SEP) was performed using surface electrical stimulation with a pulse rate of 2 Hz (500-ms inter-trial interval) and the pulse width of 800 s. Following a 2 minutes pause, the steady state electrical stimulation was applied to the left-hand median nerve for 25 min (20 seconds on and 10 seconds off time). Current biphasic pulses with pulse rate of 100 Hz and 1 ms pulse width generated in DS5 stimulator and delivered to surface electrodes. This type of stimulation may potentially increase cortical electrical activity [7] , [14] . To evaluate the influence of the steady-state stimulation, we conducted three SEP sessions with the same characteristics of Pre-SEP. The first evaluation on SEPs (Post-SEP) was recorded within a period of 1 to 7 minutes after continuous stimulation. Following a pause of 10 min, the second evaluation on SEPs (Post-SEP 10 min ) was initiated. Finally, the last SEP phase (Post-SEP 1hour ) was recorded after a 40 minutes pause from the previous Post-SEP 10min , and ended approximately 1 hour after the intervention session.
B. Setup
Two surface electrodes (Axelgaard PALS Electrodes, skin contact size 4 × 4.6 cm, oval) were attached on left-hand median nerve close to the wrist. Series of surface electrical stimulations consisting of rectangular, symmetric, biphasic pulses with different pulse widths were delivered. The stimulation was delivered with an intensity at 90% of the discomfort threshold.
During all sessions, subjects were seated in a comfortable chair and asked to keep their eyes open and remain relaxed. EEG data were collected with the BrainAmp MR plus amplifiers (Brain Products, Munich, Germany) using 32 channel (BrainCap) of the international 10-20 electrode system. EEG data were recorded by a sampling rate of 5 kHz and all electrodes referenced to FCz and grounded at AFz. The impedance of all electrodes was kept < 15kΩ.
D. EEG data analysis
EEG data analysis was performed using EEGLAB (www.sccn.ucsd.edu/eeglab) and custom programming in the Matlab. EEG data were band-pass filtered from 0.3 to 45 Hz. EEG data were visually checked, and trials contaminated by movement artifacts were rejected. Blink artifacts were corrected using an independent component (IC) analysis algorithm. ICs with a significant contribution of EOG, Fp1, and Fp2 channels and maximum correlation with individual eye movements were removed from the analysis.
To evaluate the effect of steady-state electrical stimulation, two SEP features were computed in the timefrequency domain: i.e. the event-related spectral perturbation (ERSP), and the intertrial coherence (ITC).
The ERSP is the normalized dynamic changes from epoch-mean power at each frequency. It measured by first normalizing the spectral transforms of single epochs to their baseline period (100 ms before stimuli onset) and then averaging across trials [10] .
The ITC is an estimate of phase similarities across trials, including information of time-frequency synchronization that becomes phase-locked relative to stimulus presentation timing. ITC presents a degree of phase synchronization which is not available in the average ERPs waveform. [11] . In this work, the plots of the ERSP and ITC from two electrodes C3, and C4 were shown from −100 to 400 ms between 1 and 40 Hz for analysis.
EEG epochs containing somatosensory potentials were subsequently extracted (500 ms epochs, 100 ms before to 400 ms after stimuli onset). Baseline correction was performed for each trial by 100 ms before the stimulus onset.
ERPs were computed for each SEP phases and subjects independently, by averaging across trials. All SEP phases had the same duration with the number of trials by 350 ±10. For each phase, the peak amplitudes, peak-to-peak amplitudes, and peak latencies, of the N1 and P2 waves from the ipsilateral (C3) and contralateral (C4) channels were measured. 
A. SEPs
Pre-SEP, Post-SEP, and Pos-SEP 10min for contralateral C4 EEG recordings for both subjects (S1 and S2) are illustrated in Figure 2 . Typical SEP waveform, characterized by N1-P2 complex were observed upon surface electrical stimulation of the left median nerve. Across all trials, the N1 and P2 waves had an average peak latency of 55 ± 7.8 ms and 160 ± 17.2 ms, respectively, to the stimulus onset. The significant differences across three phases were observed at 40-60 ms (N1 wave) and 120-180 ms (P2 wave) for single trial SEP. Fig. 3 -a depicts the ERSP maps for Subject1 in both before the steady-state electrical stimulation (Pre-SEP) and immediately following the steady state electrical stimulation phase (post-SEP) phases at the contralateral (C4) electrode. The averaged time-frequency maps after steady state electrical stimulation, presented an increase in long-lasting alpha and beta power (8-25Hz) from 80 to 400 ms after stimulation onset. In contrast, in Pre-SEP phase, this activation is limited by short-lasting activation, as shown from 200 to 300 ms.
B. ESRP and ITC
The ITC analysis illustrates that phase locking increase in power in the theta band in the contralateral channel following SSEP phase, see Fig. 3-b . Also, the time window and coherency power have increased in comparison with Pre-SEP session, showing the influences of steady-state stimulation on cortical activation phase locking. SEP components amplitude in different sessions for S1 are illustrated in Fig. 4 . A drop in amplitude of both N1 and P1 after the intervention phase was observed. N1 and P2 amplitudes recovered after 10 min. Besides, Fig.5 depicts the difference between C3 and C4 channel in N1 and P1 amplitude, showing a strong decrease in the difference between contralateral and ipsilateral part following the steady-state electrical stimulation, supporting observations from ERSP and ITC analysis on cortical activity. S2) S1) Figure 2 . SEPs for contralateral channel C4 from different phases and two subjects, S1 and S2 a) b) Figure 3 . ERSP and ITC map of Channel C4 Figure 4 . N1 and P2 amplitude of S1, channel C4 Figure 5 . The difference between the amplitude of S1, channel C4
IV. DISCUSSION
Sensory input evoked by steady-state stimuli applied at the median nerve at wrist increased electrical activity in the contralateral and ipsilateral motor cortex. Steady-state electrical stimulation for 25 min suppressed the N1 component of the SEP immediately after stimulation. Tendency of recovery of this component was observed just after 10 min (Subject 1) and 60 min (Subject 2) following stimulation, but is not lasting for 1 hr. In contrast, the P2 component increased following the steady state electrical stimulation and for 1 hr. The time-frequency results indicate the effects of steady-state electrical stimulation on the phase synchronicity of brain signal following event trials.
These observations indicate that short term steady-state stimulation induces quantifiable changes in the electrical activity of the brain. Evaluation of the efficacy of steady-state stimuli of various parameters for inducing plastic changes in the nervous system needs to be performed on a short term basis using markers of electrical activity of the brain, besides possible quantifiable effects on pain profiles of amputees. This methodology may be beneficial for design of possible therapies using sensory input for the alleviation of phantom limb pain on an early stage (short term) where effects on pain profiles may be less visible at this stage.
